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MORDENITE DEPOSITS AND ZEOLITE ZQNATION IN 
THE HORN MOUNTAINS AREA, SOUTH-CENTRAL ALASKA 

Extc.nsivc5 mortlcnit.ci-rich I~~l ' l ' s  oc.c~c~.ring wit11 t11(~ 

'I'alhe,ctn;~ I'ormution in lh(, Horn hIount ;~ins  ;irt>;c 01' 
south-central  Alaska ;irtS ol' cornn~c,rcial gr:itlcs. '1'111. 
1)rolwrties ol' t l ir  ~ n o r t l r n i t r ~  with rc.gurtl t o  cornnicrc.i;~l 
rcc l~~irc ,~ncnts  nc~cltl I'urlh(>r st.~icly. 

l 'hc zc~olitc~s in thcb arcs;1 wcBrc* l 'orn~t,tl 1 ) )  I)i~riiil 
tliagc~nc~sis ;lntl rcx~ion:~l nic~t.;unorphism ol' lav:t ant1 
volcanic elc~lritus tlcspositc~cl in a r~ugt~osynclin:rl t r o u ~ h .  
I Iculandi l (~  :tntl I ; ~ ~ ~ m o n t i t c ~  zonc%s suggcxst Illat. t l l ( '  sc l t l -  
irncnts wc>rc1 sul ) , i~~ctc~d t o  :I tnaxiln~1111 t(xnll)(bri~turcb ncl;lr 
%OO°C a t  watc,r I)rclssurc.s I'rom 0 .5  t o  :i kilol)ars, wliic*h 
corrc,spontls to I~uriul  dcptl is  ol' I t o  1 0  hilomr~tc~rs.  

Thcl occurrcLncc, of mortlc~nit.c~ wi l l~ in  tho l i~~i l l :~nt l i tc~  
zonch is prol)al)ly tlucl l o  lli(s I'ino-gr;~inc~tl 11:1turc, 0 1 '  1 1 1 1 8  

parent t.ul'fs, which c:ausc~d a high(.r silica ;tctivity t h ; ~ n  
rlsewh(,rc in this /.o~ic,, Lht~rot)y 1)rotlucing ~mortic~tiitr. 

i\nalcimc>, which occurs locally within the, mord (~n i t c~  
zoncb, may 1i:ivc~ I)c~cln Sortn(,cl from t~iorclvnit(~ 01- I ~ ( S I I -  
lantlite lul'l's by the  action 01' solictic,n:, I I i : t t  wcsr1> marc, 

alkaline, Locally t han  c~lst~whcrc~ in t.11c. /.oII(~. 
'I'hcs l'ic.l(l I.cast I)y (:ull':c~ ulitl ot.ht.rs ( 1'17:;) giv(*h rtt- 

l i ; r I ) l ( .  rcsults and s l~ou l t l  I'incl uscx in zc.olit(1 ~)rohl)tscting. 

INTRODUCTION 

PLJKPOSLC 

'l'htl primary purpost, of tllis stutly wah to  invcstigat~'  
t h r  ~ n o r d c n i t c  dtlposits of tllc, IIorn hlount;~irls artha, 
upper  Malanuska Valley, Alaska. A suhorcli~lato pur- 
pose was l o  preparc' a r cco~ l l l a i s sa~~cc  gcbologic Inap of 
the  arca s l ~ o w i ~ l g  the  geologic s r t t i ~ l g  of tlic ~nord(b~~ittx 
deposits. A final purposcl was to  samplr  otl1c.r arclas in 
l h r  vicinity o f  lhcl s tudy a r r a  in stlarch of otl lcr  zcwlitcs 
drposits .  This  s tudy is a c o n l i ~ l ~ t a t i o ~ l  of t h i ~ l  rr,portcld 
previously (Hawkins,  1 9 7 3 ) .  

I would  likv t o  thank I).C. l la r lman.  'I'.k:. Smith ,  ~untl 
N.C. Vtlach of l l ~ r  Alaska Stat(% 1)ivisioll of (;c5ologic;ll 
and Grophysical  Survrys  for funding, logistic.al, iuitl 
zunaly tical suppor t  of this s tudy.  I also wish l o  t l ~ a ~ ~ k  Iny 
coll(~aguc~, 1)onaltl (:r?;brck, f o r  his assii;tanc.c~ \r.illl 

pho tomic rog raph  ; ~ n d  llis h(~lpful  tlisc-nssions duritlg the‘ 
cc:llrsr o f  this work.  hIy thanks  art, also txstrnti t~d t o  M.S. 
I t o h ~ r i s o ~ ~  for  propara l io~l  of thin soclions. Fillally, I 
~vish  l o  thank Irly s o ~ l s .  Mikc a ~ i d  Hill II:~wkins, \rrho 
s t l n~ rd  as my I'icbld i ~ s s i s t ~ ~ ~ l t s .  

Tllv zcolitcs ~ni~lcbr;~ls arc, o f  intt'rc,sl as impor tant  
i~lcll~strial ~nincbrals of' us(> ill a varic>l>. of fit,lcls. 'l'llc3 

minc,relogical, c~homic~al, and inrluslrial propc,rtirls o f  thc 
zc,olitcxs wrlro t)ric~fl~\. cl(~scribrcl hy Ilawkins ( 1 9 7 3 )  2nd 
more r(bcc,~ltly i l l  two dr~tnilccl gct~c,ral rcvicw artic~ltxs on  
thc usr and ~ ) r o l ~ ~ ~ r t i c ~ s  of' ~c~o l i t ( , s :  h l u ~ n p t o n  ( 1 9 7 3 )  and 
AIunson an:! Shtlppiirtl (197.1). 'l'liosc1 ar t ic l (~s  should br 
c o ~ ~ s u l t ( ~ c l  I)!, t111:scb i t~ l (~ r t~s to t l  i l l  a n  ovcrvicw of' the‘ 
utility :uld (lc~onoi~iic v:~lut' of zc'olitc~s. 

'I'h(1 art,:t s t ~ ~ t l i c ~ t i  (p l .  1 )  is localotl ul,out 12 ~nilcls 
north of' 'l'ahnc>t.ii Pass 1,otlgt~ a t  mil? 12.1 of lhc5 (;lomi 
ilighway. ' l ' l ~ c b  arcs;l is ac~c~rssihlc~ 11y c ~ i t h t ~ r  off-thcl-road 
vc~liiclc3s, via roads t o  nclarby placc'r mincs; o r  hy float- 
c~quippc~tl  fiscad-\ving airc*raft, \vhic41 can 1;wcI a t  S o ~ ~ t h  
1,akc o n  thc  S ~ L I ~ ~ I C L ~ I I  ~ s t r o ~ i i i L > ~  of tllc, s tud)  arc?I. 

'I'hr s t i ~ d y  c.onsistvd of' invcbstigatit~g tht, zcolitization 
o f  th(> lowor Juri~ssic 'I'alkt~c>t~la formation in thcs IIorn 
hIounlai11s. 12s showll by ( i rantz  (1965), splay faults 
associaltld with thv Caribou l:ai~lt have‘ isolatcd ant1 
cssposcld a triangular sclction ol' thv 'I 'nlkt~c~tn:~ formation 
i l l  tiit> IIorn h loun l . a i~~s  arc.:i. 

l'hc Talkcr tna  forlnatioll in this arcLa c,onsists lnainly 
of thick ~111its o f  pyrocl;istic S ; I I I ~ S ~ O I I O S ,  siltsto11(~, i111d 
claystono (co:rrsc, a11d f i l l ( ,  watcr-laitl tuf fs ) ;  a~ id r~s i t i c  
;111d basaltic 1ava.c art3 also prc~sc~nt (p l .  2 ) .  A l t h o ~ ~ g h  tllr 
formation is mostly marincl, ilo marinc, fossils wc3rc' 
found.  LVood fragmt,~its  and casts wcro ol,st~rvotl i l l  sointl 
L I I I ~ ~ S .  'rhv ' l ' : ~ l k ~ ( < t ~ l i ~  I'or~lli~tiotl as :I ~ l l o l ( ~  stxcsms t o  I)(' 
t>,pical of a c~i~gcosy~lc~lin:iI d('posit. 



SPECIAL REPORT 9 

'I'lle primary purposti of  thc1 s tudy was t o  detcrminrl 
the ex ten t  and grade of 111(' mordrl~iitt> deposit  in thc 
area. T o  this end,  fist-sized samples wr r r  collrctc~cl f rom 
the numerous outcrops  of tuffs, tuff:rcc~ous lvackes, and 
lavas in the area. Plates 1 iuid 2 show thc localities 
from which samples w r r t  collectt>d. 

Because general mapping was of secondary im- 
portance,  the grologic map ihown in platc 2 is in- 
complete.  Salient f e a t ~ ~ r e s  of tht' map arc bas t~d on  
G r a t ~ t z  (1965)---particularly thc contact  bc~lwc~c~n thc 
Talkre tna  formation and thc ' I ' ~~xcdn i  format ion,  ;uid 
the faults ((lither mapped o r  infrrrcd):  this rcport  also 
contains details of (J~1ater11at-y dcposits ~ i o t  shown in 
plate 2. Mapping of  the units within thtl 'Salk('clna 
formation was done  as part of  tht, s tudy.  'Sllr, map  
units shown in plate 2 ar r  based on  hand-spccimr~i  
properties and topographic c,xprr,ssion of thc units. 
Map unit J lk -5 ,  lhc  casternmost unit. consists mainly 
of volcanic sandstont, (with some tuffs),  and basalt and 
alidesite flows. T h r  unit  i i  ~nodcra t r ly  a l l r rcd  l o  clay 
mirierals. Zco l i t i~a l ion  is no t  pronounced,  although 

sands1onc.s. Unit J tk -5  forms a st)rics of low, t~o r th r~as t -  
trending ridges a t  thtx m o ~ ~ t l l s  o f  Albr,rt and North 
Creeks. 

Map unit J tk -4  is cl~aracterized b>, p u ~ i ~ i c ~ t ~ o u s  i~tltl 
vitric* tuffs with suborditlatc t u f f a c e o ~ ~ s  wackcs, t~nsalt ,  
and andesite flows. Zeolitization is morc tlxlcnsivr than 
in unit  J tk-5 ,  with h~~ulalicli lc void filli~lgs anti vcinlc.1~ 
especially common in exposures of coarser lithologies 
in tllc upper parts of Albert and North Creeks. Unit 
J tk-4  is a swale-forming unit;  tha t  is, it forms the low, 
rolling, gently sloping hills crossing the tn idsrc t io~l  of 
Albert Creek and is characterized by a thi~i-bedtled,  tali- 
wcatliering tuff capping thrse hills. 

Map unit  J t k - 3  consists of pumicrous  ant1 vitric t~ll'fs 
generally altered t o  mordenitr,. 1,ocal sections consist ol' 
~nordcnitc-rich vitric tuffs. Unit J t k - 3  wcalhers to  ir 

buff color and comprises much of t h r  illfrc~d ( h e k  
basin and  the low hills dividing t h r  headwaters of Albert 
and Alfred Creeks. A purple and light-grwn luff h o r i ~ o n  
of this unit  o f t rn  forms the conlac-t h r twtvn  map  nits 
J lk -3  and -4. 'I'opographically, 111lit J t k - 3  occ~~pic ls  tht. 
break in slope separating the cliff-forming unit J tk - l  
(below) f rom the swalr-forming unit  Jtk--1. 

Map unit J tk-2  is a fine-grained, mord(.~iite-rich tuff. 
'She tuff wrsathrrs t o  tannish white and it1 some loc*alitics 
has the appearance of porcellanitr. Wood fragrnclnts atid 
casts can be found in some exposures of this  nit o11 
Albert Creek. Ofte11, thin rosc5ttc.i of  radiating tnordt~~nito 
crystals, 112 l o  1 c m  i l l  diameter,  art1 prrlset~t in t h t ~  tuff 
partings. These crystals are r~xc~c~llont I'icld guid('s in 

locating and mapping tliis u ~ i i t .  The tuff,  which suppor ts  
little o r  n o  vrgclalion, forms an easily visible wliilr cap 
on the ro~undvd hills a t  t h r  hratl  o f  Albert Crrvk. In 
outcrop,  tho tuft' co~ls is ls  of flat o r  partly c*onchoiclal 
fragmctits abou t  5 c m  it1 tliamolt~r. IJnit ,Jlk-2 appears 
t o  b r  d i scon t in~~ous ly  distribut.rd \vithin map  unit Jtk-3.  
Carcful srarcli rrvt,alcd n o  rxposurcs of tliis unit ~ io r t l l -  
cast of the  f l lber t  Cr r rk  cXxposures. IIowever. thc unit 
may rxtthnd t o  th r  southwest side of Alfred Crrck,  
wllert> sample localitic,~ 7 9  :uicl 83 may be part ol' it. 
Morc tlrtailcd mapping is n r e d t ~ d  hcrr .  

Map uni t  J t k - l  consists mostly of volcmiic sandstones 
and basalt atid ;undvsilc flows. 'I'uffs are p r r s t~n t  bu t  arts 
no t  as abutidiunt as in o thor  units. IJnit J t k - 1  forms tht) 
cliffs and the summits  of tticb moun la i~ l s  a t  th(, hc,ad of 
Alfrc,d and Albt.rt Cr(1t.k~. 'I'hr unit  is c~stensivt~ly 
zeolitizrd, iuicl contains abundant  veins of chalky-wliitcx 
la i~mont i t t ,  and largr~ 2- t o  3.~111 vug fillings of pink 
Ilc~ul:uiditc~. i l t  the head of Alfred Creek basil1 is a 
25-foot-thic*k layer o f  11iortlt~nilt~-rich tuff;  a l tho~ lgh  
mapped as brlonging Lo 111iit J tk -1 ,  this tuff has brt>n 
dtsignated J tk -2  LO draw att ts~lt ion to  its ~norctenitc 
t~nriclimtxnt.  

Zcolitv zonation (tliscussc~d o n  p. 6 )  indicates that  
 nit J t k - l  was tho most d r rp ly  buricd unit and is 
stratigrirphically t.h(> lowchsl unit  of thosc mapped. Unit 
J tk -5  is consid(~rc~d lo bc. the uppermost unit .  'rhis in- 
forencr is supporter1 by lhc gelir.ral 20-degree south-  
r~irstt~rly dip of Lhc l i t l~ologic utiits mapped. 

l:i~ially, tllrl contact  botwecln thc 'I'alkc~clna formation 
utiits mapped I~c,rc ancl thcb ' I ' ~ ~ s r d n i  formalioli mapped 
I)y ( i rantz  ( 1 9 6 5 )  was no t  dclerminrd in the prcssrnt 
s t . ~ ~ t l y .  Conscquc'ntly, tho area in platc 2 bctwerti tho 
norlllc~astc~rly limits of tliis s tudy and tllc ' l ' ~ ~ s c d ~ i i  
fo rma t io~ l  contact  of Ciralltz has brcn Irlfl blank. 

LABORATORY STUDIES 

X-ray diffri~ction pat t r rns  of thc. samplrs wtlre 01,- 
taincd using tht. procc~durcs prc>viously d(~scribc~tl  (Haw- 
kins, 1973) .  Samples containing zroli tcs of  the hcu- 
landitr-clinoptilolitc~ group \vrrtl hratc>ci following th(1 
mclllod giwn by Alictti ( 1 9 7 2 ) .  'Sliis was tlont, l o  dis- 
tinguish bctwt~en hculaliditc a ~ i d  clinoptilolitc inid t o  
obtain informatioti on  thts chemical composition of thrx 
hc~ulanditr ,  inaslnucl~ as its thermal stability varies with 
its cllrmical composition (Alirltti, 1972) .  FI t~i~landi t t~  ant1 
~ n o r d t ~ n i t c  togtltlicr artb clil 'fic~~lt t o  d t ~ l t ~ c t  l)y mt3atis of 
X-ray diffractioli brcausr~ tlicy share Inany peaks. Al- 
though it was 11ot ust~cl i l l  tliis stucly, thc  l e c h l i i y ~ ~ c ~  
dvsc,rib(d by Sudo ;uid others ( l 9 6 3 ) ,  which relics on 
t h ~  sc>lec-live clissolution of Ileulanditr (clinoptiloli te) i l l  

6S IICI, may I)(, i~s r~ fu l  it1 subseyut>nt s t ~ ~ t l i t ~ s .  Sa~np les  
cont:~iliillg 10A clay 11rinr~rals were treated with r t l ly lcnt~ 
glycol and X-rayed again t o  drl(1rminc thrs prrsrsncc of 



Cull'i~z and ol l i t~rs  ( 1 9 7 3 )  proposcbtl :I simplv field 
test lor  zt,olittls hasrcl upon llir c~ntlialp\~ of Iiytlratioli ol' 
tl(1Iiydratcd zrol i te ,~ .  I)cliydralt~tl zt~olittbs rcsact c~ ro l l i r r -  
malty wli(sn l iydraltd ancl cbshibit a r:~pitl ~ u l d  pro- 
nouncrd ternpt~ral~i rc~ i11c:rcascs. 'l'11(~ amoullL of thc 
t r ~ m p t ~ r a t i ~ r o  incrcasc' dcpctids o t ~  tlio typr  ittiti quatilit! 
o f  1111> zeolite prc5sctnt. 'I'liis lt>st was ctarrit,d 0111 ilndcr 
laboralory conditions using a mi~t't'lv I'urnacc, i t1  wllic,h 
5-g samplcs of powdcrthd zeolit.izt~ti luff c~ol~la i l l rd  i l l  

35-mm film c~atiistrrs wt,rtl Iiratc~ct for 1 hour.  'l'lit~ 
samplcs wt'rc> cappcsd and c.oolt~I t o  room tc~rnpc~ralurc~. 
'St,n millililrrs o f  walthr a1 room t t~mpc~r i~ t i i r t~  \vcbrtb tticln 
added t o  :I sampltl and thcs slurry was rapidly slirrcstl with 
;I laboratory th (~ rmoi~ ic to r .  '1111(> tc51npt'raturct of Lhcs 
siumplc brforcb 1110 acitlitioti of thc~ watvr allti th(3 111as- 
itnutn tt3mpc,rati~rcb of tho hydr:~tt~tl  s;urnplo \r.rrcz 01)- 
sc1rvc>tl, slid A 'L'. 111(1 d i f f (~ ro~ icc~  t)r>l\vc~tan tlic~sc~ two  
tvlnpc'raturrs, was rcbc~ordt)d. 'i'l~is I)roccbss was rt,pc~at(stl 
lor cacll samplr.  'l'llc. rcs~i l t s  of this k ~ s t  arts shown in 
tat~lt ,  1 .  (Cornpart, with IIawkins, 1973 ,  t:~blc 3 . )  

22s s h o w l ~  i l l  ~I':~hl(> 1,  mosl oI' t h v  s ; tmpl~~s c~oll(~c.t(~tl 
\vclrcl zoo1itc~-ht,ari~ig; rnortlt.liitt3 anti lic~uliuldi L C  \st,rcb tlic, 
mosl al)irritliu~l zc~olit(ls, iuitl l a u ~ i i o ~ r t i t ( ~  iultl atial(,ilnc> 
\tcsrt> tliv l t ~ i ~ s t  : ~ b ~ ~ ~ i t l : i ~ i t .  

%t>olitrl oc~currc.tictcls for loc~alilit>s s I i o \ v ~ ~  i l l  plato :! 
arti cxspc~c~inlly ititcxrc,sting. 'I'll(, t y 1 ) ~  ol' ~ e ~ o l i t t ~  (t i( ' -  

tor~iiiti(~tI l ~ y  X-r i~y t l iI ' fr :~(~tio~i) o(b(,t~rri~ig ill :I givt~ti 
Iocalily \vns p lo l t (d  oli a si~m~)lc~-loc-~rlit!. rnap. 1;roln 
tliis plot it L V : I ~  ~ ( ~ t ~ t i  that  hc~ i~ lu~c l i to  occurrctl i l l  two  
~ o t ~ c ~ s ,  ~ n o r d t ~ n i t c ~  i l l  ollc, zonts, l a i~mol l t i t (~  i t1  ~111ot1it.r 
zollrL. ;rut1 a~~alc.inlcx in t \+o localitic~s tr'ithill thts Inor- 
d(stiilt3 z o ~ i o .  ' l ' l i t s  zc~olitr, zolicts art, t l ( ~ l i ~ ~ c ~ a l ~ ~ t l  l)y bollntl- 
ar) (.ilrvt5s c ~ ~ l l ( ~ ( l  ~ (ao l i t t~  isogratls (pl .  2 ) .  : l ~ i o L l ~ t ~ r  zotitb 
cl(bsig~ii~tcb(l i l l  pliitc 2  IS 111~~ q u i t r t ~  L O I I O  IS tt~titittiv(~1) 
suggc~stt~cl. 'I'llis zoticb('!) is l~asc~tl  oli 1n.o siimplc3s in 
nliicli zc~olit t~s \vcsrcb absc,t~l allti quar t /  Iintl I'illc~tl 111~~ 
I'racturc.~ :u~d cc~mc~nletl thc grains. 

'I'lic positio11 of [ l i t .  I a i ~ ~ i i o ~ i l i l ( ~  x o 1 1 ~ ~  15 11oL L V ( > I I  
~~stal)lislietl. 01iIy I ) e ~ l \ v t . c ~ ~ l  siutiplt. localilirbs :iH iitlti 39 
(pl.  2 )  is t l i c b  I)oi~lltlory well knoivn. Nt~vc~rtlrt~le~ss, tlial a 
la i~nionl i tc  zolic) c~sisls is t~uscd o n  lllis 1oc.alioii. O I I  thc 
~ ~ t ) ~ ~ ~ i d ; u i l  In~irnolitilc float c~nco i~ t i l f~ rc~ t l  at  ( I I ~ ,  Iltnad of 
Allrtid (:rcoIc. atld oli t l ~ t ~  a b s t ~ ~ i c ~ ~  of tllc, assoc.iiiLioii 
l a ~ ~ m o n t i l ( ~ - ~ i ~ o r r i o ~ i i l t ~ .  'I'Ii(5 c9virltinc~t~ s~cp[)orls tlics cay- 

istt~tlcc of 21 I :u~tno~i  tit(% zoncb tliiit is apparcblitly scsp:~ralt.d 
t'rotr~ thrl ~ n o r t l t ~ t ~ i t c ~  ~ o l i t ,  by a I i ~ ~ i ~ l i u i d i t t ~  zollt.. 

' rho uiltlior c~x~t~iiinc~d---t,!. Llit~rniitl stal)ilit! - - - I I ( ~ L I -  

landilc I'rom t)otli Lhtb h ( ~ ~ ~ l a n c l i l t ~  atitl niordrnilr, zones 
l o  srcL i f  l I t ( 1  polyluorpllisni o l  11it1 1icul:uidilr could b r  
ilscd as a basis oi' cotnpnrisoli. 'l'he l i ~ ~ ~ l i ~ l l t l i t ~ ~  c ~ x l i i b i t ~ d  
similar polg,~nl.)rpl~ihni, bcilig tr;ulsfortnrtl t o  IIculandile- 
13 when Iioatc~d I'or 18 l io i~rs  ul . 150~)C;  i l l  sornc cases, 
samplcs from h o ~ l i  zolirs sl iowt~d l h r  i l i l (~r lnrdia t t~  pliasc 
FIoula~tdilr-I, dis~:usscd by Alicatli ( 1 9 7 2 ) .  O n  th r  basis 
of this ttbst, it is c o n c l u d ~ ~ t l  tliat n o  gross compositional 
d i f f r r t~~ icc~s  c3sist I ~ r t \ v r r n  tliv h ( ~ ~ i l a ~ i d i l r ~ s  from tlic two 
zo~los .  

'I'lir zotlc3s distiligi~isllc~d hr~rcb cwrrcspond t o  Lliost~ 
ot~sclrvtd c~lst~v;hc~rc~ throilglio~ct Lhcx world iilld c o ~ i s t i t ~ i t t ~  
the, zeolites fac,icas (Scki,  1969; Coolnbs, 1970) .  Figurt. 1 
shows possibl(8 I)rcbssLlrcx (1') vs t r ln l~ r ra lu rc  ('1') fitllds 
~ l t i d r r  w11ic.h tlio various asst~lnblagc~s a r r  stable. As 
sliowti by %(%II  ( 1 9 ( i l )  a l ~ d  I~ricfly disc~~tssotl prclvioilsly 
1)) IIawkilis ( 1 9 7 3 ) ,  11111 c*lit~mical pol(1ntial of water 
i l l  1111, s).sl(lln i >  pt,rtiaps tlich most c.ritic*al variable 
:tl'l't~ctitig zoolitc, stai)ilil> rc~latiolis. 'l'ht, mor r  hydrous 
zcoliltbs mortlonilo (CaAI,Si, 002,1.711,0) and  lirulan- 
tlitcl ( ( ~ i ~ A 1 2 S i 7 ( ) l X . ( i ~ ~ 2 0 ~ r r c ~  stablrx irndrr a Iiigli clicmi- 
c,al pototitial 0 1  wattir, whr1roas Lhc I(sss h y c l r o ~ ~ s  zrolilcb 
1u~inlo1ilit.r ((:aAI,Si,iOl.j..lII,)C))) is Irss slablt> ilntlrr 
LIi~~st~ ctonditions.-'1'1lc c.~r ' lnici~l potrlilial of water in 
thcs s\.slrtn varicbs with t l ~ v  partial prrssurr of water and 
s:tlitiit\.. Illc~rcbasilig salitiity of intrastrntal waters a t  
d t ~ p l h  has 111(, same' cll'lcc~l as incrrasing tr~nipcralurc in 

'I'llo activil), of silica in th(> systcni is another  im- 
port:uit varial~lc~. 111 going from mordrllitc1 Illrough 
Ilt.ularlclit(~ to  l a ~ ~ ~ n o ~ i t i l t ~  tllcrc, is a progrrssivc de- 
silicalioll. I'ossit):~, reactions I'or calciurn e n d - ~ n ~ m b c r  

()u;~rlz \V:tlrsr 
: i ~ i 0 . )  2 lI'>O - 

Otiior rc~actiolts artx possiblt, slid Ilavc' l)t.rn c~slt~nsively 
studitad by Svki ( 1969, 1972 ,  1973) .  

Rrnctioll 2,  o r  ;I variant itl\,olvilig plagioclasc~, s rcms 
to  ha\$(! occi!rrt~tl i t t  tli(3 arc5:l sti~ditad, inasmilch as 
si~iiiplc~s 7 6  :~iitl :;(i, hot11 appart~ll l ly si111iIar Iapilli l~ i f f s ,  
l~avtl I~rsc~i ;~ll(arcltl t o  Iit~ulatitlitr' :inti quartz-laumolit i tr-  
c:tl(.i to, rt~sl)c~c~li\ (,I?.. 

t\s rcbac.tioti I shows, thtb I';)rmation of  niortlcnitc 
rcbq~~ircls a higlic,r :tc%tivity ol' silica Iliati dot's l i t~~ilanditc.  
'I'hch ~ x ) s i l i o t ~  occ.upicd 1)). mordtbnit(' i l l  the ~ o o l i t c  
I'acicbs is prtSsclill>. a sill)jrc.l of dc1hutcx. Ulnda (1970 ,  
1971) ,  for c~xanlpl (~ ,  shows Illat n~orden i t (>  occ-ilpirs 



TABLE 1. Sanlplc, Itartd-sprcirr~crl tlcsc.r.ipIior~, czrtrl rttirzc,ralo#.y (1s t l ( ~ l o r ~ ~ i r ~ c t l  h,v S - r a y  tli/'/'racliort 
artti rc,sulls o/'/'icltl Icsl 

Tufl'accous wachc 
Tufl' 
Tuf 'facc,o~~s w;~chc, 
Tul'faccous wachc 
Volcanic irrcxnitc, 
Sil tstone 
Basalt 
P u m i c r ~ o l ~ s  1 ul'i' 
B;ls:llt 
L)acitc%('!) 
Basalt, ;tltc,rc~l 
'Tuff:tccous w;ickcy 
Basalt 
Vitric tul'f 
Antlesibc~ 
'l'u l'f'nccwus wackr  
Vitric tufl' 
Vitric tufl' 
Vitric tlll'f 
Tul ' l '~~cc~ous  w;tchc, 
TLI I ' f ~ i c ~ ~ c ~ u s  witcko 
'TLI I'l'acc~ous wacko 
TLI fl' 
T~~l ' l ' acc~ous  wncko 
Tu l'l' 
1,apilli tuff  
Tuffaccous wackr  
Tu f f  
Vein filling 
Vitric tufl '  
Tu  l'l'acc,ous wac k c  
'rul'l'acc~ous w:ickc~ 
Quartz-hc~ul;intl ik vein 
T u  I'f 
Vitric tul'l' 
Vcsicul;~r I):is;ilt 
Tul'l'acrous wackc, 
Tu fl 'ac<~ous wac kc 
T u  l ' l ' :~ceo~~s wac kc) 
Tuffaccous w;icke 
L:tpilIi t~il 'l '  
'Tu l'l'accous woc kc, 
Basalt 
Vitric tul'f 
'Tufl'accous wackts 
L;ipilli ~ L I I ' S  
TLI l'l'acc~ous w;tchc~ 
Tu 1'1' 
Tu fl' 
Ilculantlitcl vvin 
Lapilli tul'l' 
Tu  rl' 
L:tpiIli tul'l' 
L;rpilli tul'l' with h t~~~l : tn t l i tc~ ,  1 
Lapilli tul'l' 
;\ntlesite 

Quar tz ,  fc.ltlspar, h(~ul:rntlitt~ 
Quartz,  l'c~ltlsj);ir, chloritcx, mortlcnitc 
Qugrrtz, fc~ltlsp:rr, chloritt), h(~ul;tntlitc~ 
Quartz,  I'ttl(lspar, hc~uliintlitc 
Quar tz ,  I'oltlspar, chlorite,, hc~u1;intlitc 
Quar tz ,  n iontmori l loni t (~  
Fc.ltls[':lr 
Qu;irtz, I'c~ltlspar, hcul;inditc~ 
1''0ltlsl)ar, n l o n t l n o r i l l o ~ ~ i t t ~  
Qu;irtz, I'c~l(lsl)ar 
Quartz,  I'cbldspar, mortlc~nit.<~ 
Poltlspar, chloritc~ 
Q ~ ~ a r t z ,  l'cltlsl,ar, n ~ o n t m o r i l l o n i k  
Qu;rrtz, l'c~ldspnr, hrul; tndit(~ 
Fc,ltlspar, chloritr  
Quartz,  I'c~ltlsl)ar, hc~~llantlit '  
Quartz,  I'eltlspiir, hc~ul~lndi tc~ 
Q ~ l a r t z ,  I'c.ltlspar, mortlcnitc, 
Quartz,  l'eltlslxir, morclcnitcs 
Quttrtz, I'oltlsl)ar 
Quartz,  l'(~ltlsl)ar, lrc~~~lantl i tc.  
C;tlcitc, ;~nalcinic~ 
Quartz,  I'cltlspar, tnordcnitc, 
Quartz,  l'cltlspar, hc~ulantlite 
Quar tz ,  l't~ltlspar, hculantlitt. 
Qu ;~ r t z ,  l'c~ltlsp;rr, hc~ulantl i t t~ 
Quartz,  fclltlsp;rr, hculanclitc 
Quartz,  I'c,ltlsl)ar, mordenitc. 
C;rlcitc,, 11t~ul;rntlitc~ 
Quartz,  I'c~ltlspar, tnortlcnitc 
Quartz,  fc,ltlspar, montmoril lonite 
Quartz,  l'c~ltlspar, hculnntlitc 
Qu;irtz, lic~ulan(litc~ 
Q ~ ~ a r t z ,  Scldspar 
Quar tz ,  Sc,ldspar, hc~irlantlitc~ 

Quar tz ,  I'eltlspar, hculantlitr 
Quartz,  I'cltlspar, chlorite 
Quartz,  l'(~ldsp;n, heulantlitcl 
Quartz,  feldspar, 1ic~ul;intlite 
Quartz,  calcil.c~, 1;tutnontitc. 
Quartz,  I'cltlsp;rr, heulanditc 
Fcltlspar, chlorite,, hculandite 
Quartz,  I'f,ltlspar, niortlcnite 
Quartz,  I'cldspar, montmori l loni te  
Quartz,  I'c.ltlspar, mortlcnite 
Quar tz ,  I'cltlsp;ir, hculanditc~ 
Quar tz ,  I'cltlspi~r, mordenitcl 
Quartz,  l 'olds~)ar, morclrnite 
IIculantlitc 
Quartz,  I'eldsl);tr, mordeni te  
Qu:~rtz,  I'c~lcls~)nr, mortlenite 
Quilrtz, ht~ulantl i tc 

l o  Quartz,  I'c~ldsl)ar, hrulantl i tc 
Quartz,  I'eltlspar, mortlenitt, 



MOK1)15NI'l'b: I)I~:P0SIrI'S AN11 ZEOLITE %ONArr I0N IN  'l'lIfS 
I IOl tN bIOIJNrl'AINS AltKA, S O L J ' l ' ~ I - C 1 ~ ~ N f ~ ~ t A I J  i11,ASKA 

- - - - - - -- 

'I'LI~'~', l'Io:1t 
'r'ul'l', l'l0:1t 
rr'~ll'l', l'lO21t 
T~~l ' lhccwus wnc kc, 
TLI fl '  
Clayslonc, 
' r ~ ~ l ' f  with zc~ol i t r (?)  vc~inlot 
'I'ul'l' 
Tul'l' 
Tul'l'ncr~ous w;~ck(a 
'I'lll'l' 
F(slsic tu l'l' 
Fcalsic tul'f 
P(1lsic lul'l' 
Pclsic tul'l' 
Fc,lsic tu l'l' 
Fe~lsic 1~11'1' 
Vrlsic tul'l' 
Fclsic ~ L I I ' I '  
Fcllsic tul'l' 
Vug fillin2 in I'rlsic tufl '  
L;ipilIi t i ~ l ' f  
Vitric t~ll 'l '  
'1'11 l ' l ' ~ t cc~o~~s  w;lc kc, 
'1'~1t'l';lcc~o~1s w:lc kt, 
Vitric tul'l' 
Pumice, with h t ~ ~ ~ l ; ~ n t l i t t ~  
Vitric tul'l' 
Lapilli t ~ ~ l ' l '  
Vitric tul'l' with mor t l (~n i t (~  crystals 
Vitric t ~ l f f  
Vclsicul:~r I):ts;~lt, I'lo:it 
'I'11 fl', l ' Io;1t  

T I I ~ ' ~ ' ,  l'loat 
'rlll'l', I'IO~lt 
Vesicul;ir I)asi~lt 
Lai)illi t11l'l' 
Lapilli tufl' 
Quartz,  opaline silica vcsin 
Tul'l' 
Vitric tul'l' 
Hrulandite vug l'illing 
Tuf l ' a c c ~ u s  w:lc kc, 
L:ipiIli ti~l'l' 
Vitric tuff 
Tul'l', I'lont 
T L I ~ ' ~ ' ,  l'loat 
Vitric tuff 
Basalt 
Putniccs with zewlitci:') I'loat 
Tufl' 
Tul'l' witti h ~ ~ u l a n d i t c ~  vc,inlrt 
Lapilli ti~l'l' 
Hcbulantlitr co1)I)lc~ 
l'ul'l' 
Vitric tuff 
Tu t'l'acc,ous war  kc, 

Quartz,  t't~lcls1)ar, montmorillonitc. 
Quartz,  feltlsl)ar, hculantlitc 
Quartz,  c:ilcitc 
Quartz,  fel t ls~)nr 
Quartz,  frltlspar, montmoril lonilc 
Quartz,  I'ctltlsl>ar 
Quartz,  fcltlspar, mortlc,nitc. 
Quartz,  hculatlclite 
Quartz,  fc,lclsl)ar, hrulanclitc 
Quartz,  l'eltlspar, mortlcnitc, 
Quartz,  fcltlsl)ar, I :~umont i tc  
Quartz,  fcldspar 
Quartz,  fc~ltlsl)ar 
Quartz,  feltisp:~r 
Quartz,  l'rl(1spor 
Quartz,  I'cltlspar, niuscovitr 
Quartz,  Sc.ltlspar 
Quar tz ,  fc.l(lspar, niuscovitc~ 
('1, . . r dbb  

Quartz,  l'c~ltlspar, n~on tmor i l l on i t e  
Hculandite 
Quartz,  L'c~ltlspar, hc~~tlantl i tc 
Quartz,  hculantl i tr  
Quartz,  fel t lsl~ar,  heulanclitc 
Quartz,  l 'clcls~~ar, hculan(li t t~ 
Quartz,  l'rltlsi)ar, mord t~n i t c~  
1 Iculanditc 
Q ~ l a r t z ,  feltlspar, mortlenitc 
Quartz,  ft,lclspnr, hc~ula!iditc. 
Quartz,  l'eltlsp;cr, niordenitc. 
Quartz,  l'c~ltlspnr, mortlenitc~ 
Quartz,  l'cltlsr>ar, I;lumontitc, 
Quartz,  hc~ulantlitc~, mont.morillonitc 
Quartz,  I'clclsl~ar, niontmoril lonile 
Quartz,  l'c~ltlspor, Iaumonlite 
Pclds l~ar ,  motitmoril lonitc 
Quartz,  I'cltispar, mortlc~nitc~ 
Fc~lclspar, montmoril lonitc~,  hc~nlandite 
 quart^ 
Quar tz ,  fcltlspar 
Quartz,  mortlc.nite 
Hculanditc, 
Fcxldspar, h r ~ ~ l a l ~ t l i t c *  
Quartz,  I'cltlspar, monlmori l loni t r~ ,  heulanditck 
Quartz,  l'clclspar, tnortltsnitr 
Quartz,  l'cltlsl>ar, hvula~lclilc 
Quartz,  l'eltlspar, mordc~ni tc~ 
Quartz,  l'cltlspar, mordcni te  
Feltlspar, montrnoril lonitc~ 
Quar tz ,  l'c~ltlspar, Iaumontite 
Quar tz ,  f~ l t l spa r ,  n~orc l c l~ i t c~  
Quar tz ,  feldspar, heulantlile 
Feltlspar, monttt1ori1lo11it.r 
He~~ lan t l i t o  
Lost sample, 
Quartz,  l'c~ltlspar 
Quar tz ,  l'c~ltlspnl 
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the lowest P-'I' rclgion of thr3 zeolite facics (fig. I ) ,  
whereas Seki and others (1972)  have1 shown that  
mordenite can occupy a P-'r region extending well in to  
the laumontitc1 zonc. Srki  observed that  mordenite in 
these cases is confined to  finr-grained pumice tuffs, 
where it was forrnrd by devitrification of glass shards 
The relatively coarse-grainrd, morv permeahlc tuff brec- 
c i a ~  associated with the1 puniicr tuffs were1 allrrcd t o  
laurnontile o r  prelinite. Apparently the restrictrtl pcsr- 
meability and tlir greater reactivity of the pumice 
tuffs permitted t h r  rrquirtltl rlc>vatr>d silica activity t o  be 
reached for mordenite formation in rocks that  othcrwisc 
alter t o  tlie lau1nontitc~-pre1hnilr asseinblage. 

Chlorite 

- - - .  - .  - - 
-0 

Heulandite "**, 
*** - : 

*$ Analcirne- " :: * Q~~~~~ 34) 2 ~ a i r a k ; t e  
~ o t d e n i t e  2 "3 

I 

Temperature (OC) 

FIGURE 1. Possihlc ~) rc~ssure-vs- te~n~)c~ra turc .  I'ic,ltls I'or 
low-gracie mineral facies. Arrows ~.cxprescnl I':~cic,s 
series as follows: ( 1 )  high pressure, low tem- 
perature;  ( 2 )  intermcadiate; ( 3 )  low prc,ssure in- 
termediate;  ( 4 )  lowest pressure. [Diagram from 
Coomhs (1970). ] 

With few exc:eptio~ls, mord rn i t r  occurrclnces are 
confined t o  tuff's with 1ie~1l:uiditr~ occurring colnmonly 
in the coarser-grained tuffacrous wackcs (table 1 ). 'l'his 
observation is also evident frotn figurcl 2,  w l ~ e r c  it is 
seen that  tlie mordenite z o ~ i r  is more o r  lrss confined t o  
m a p  unit  Jtk-3,  a map  unit dominated hy tuffs. Pt,lro- 
graphically, mordenite is no t  a cornmoll void filler in tllr 
coarser lithologies bu t  is confined t o  pumictt fragrnrnts. 
vitric tuffs, and voids within thtlsc> fin('-graint'd rocks. 
From these obscbrvations, tht, mordclnitc occurre,lic.c i l l  

this area may be similar to  that  dcscribc~d by Stbki (l97:I; 
and othclrs, 1972),  and the formation of mordo~i i tv  in 
this area is controlled mainly by thrl nature, of tlir 
reactants and secotndarily by the‘ P-'I' c ,o~idit ions o f  
burial. 

Analcinie occurrc,ncc,s sr,thni t o  be localizc~tl witllitl tho 
mordenite zone. 'l'o datrl, only onex s a ~ n p l r  ( N o .  2 1 )  has 
been petrograpliically s tudird;  Iirnccl tlle cor~c-lusiotls 

drawn arc, very Lrntativc. Both calcite and analcitiie 
occur in t.his samplt.. As is evident frotn tabltl 1, calcite 
is 11ot a colnmon constitut'nt of the rocks s tudird ,  and 
thc occurrc~nct~ ot' calcite, in this rock is very likely as- 
sociatr~d with the occurrc>nce of analci~nc'. In  samplr. 21 ,  
c,alcilv occurs as matrix and as ccment  for  the 'frame- 
work'  grains of  analcilnr and as psc1~1domorplis af ter  
plagioclasr. Where frcsli, unaltcrrd-appearing plagio- 
(*lase (An45)  grains are abundan t  it1 many otlitlr s an~p lcs ,  
only calcitr, pseudomorphs remain in the plagioclasr in 
samplr 21. In  this saniplr, ;unalcimc seem.; t o  have 
f'ormcd f rom p ~ i ~ n i c t  fragmrlnts but ,  ~ui l ike  m o r d c n i l ~ ~  
or  hc~ulandi t t~ ,  whicli replace thc1 glass sliards and prrx- 
sc'rvck t h r  texturc. of thc sliarcts, n o  sliardliktl t c , x t ~ ~ r c  
rr,mains and thc analcime forms aggrc'gatrs of cvs ta ls .  

13oltls ( 1 9 7 2 )  cliscusst~d t h r  formatioli of analcimt, 
from Iit~ulanditc~ atid c~linoptilolite, and  pointed o u t  that  
this modr~  of formation is favorrld by alkalintl solutions. 
k I c ~  sLatt,s tha t  in t . l i t s  hlurikiku Supergroup, Soulhl;uid 
Nt8w %t~al;uld, both calinoptilolitt~ h o ~ ~ l a n t l i t r  uncl an -  
alcimr ocacur in alttxred tuffs---locally in the  s;unt3 bed. 
F ~ ~ r l l i e r m o r c ,  as hr, disci~sses marine sediments, l h r  
rt.qi~isilo high ptI  for analcime formation can he ob- 
tained by loss of CO,, f rom sea water isolated from thc - 
atniosphrre.  An ;u~alogous situation may have prrvailt1d 
I'or the analcime formation in  s a ~ n p l r  21. 'l'l~r> calcite)- 
analcimtx asse~nblagc, could l ~ a v r  f o r ~ n r d  by the' altc,ration 
of a m o r d ( ~ ~ i i t e  tuff in a locally alkalinc eni~ironmclnt, 
which was crc>atptl by isolation of i~ntrastratal fluids 
fro111 t11t. ~ ~ t r n o s p h t ~ r t ~ ,  loss of C 0 2  t o  form calcittx, ~ u l d  
finally l h r  prc>cipitation of  analcimc. Again, t l ~ i s  con-  
clusion is Lc~nt:~tivc~ ancl lnorc3 tlctailctl c h ( ~ m i c ~ ~ l  iuld 
pc~trograpliic stuclic~s arc1 ncscdt~tl. 

'I'hc, ~ ~ b i q u i l o ~ ~ s  occurrellccy of quar tz  in tht, s ; i~npl(~s  
rc,quires com~nr ,nt .  With tlnr few c~xct~pt ions  of siumplt~s 
92a,  92b ,  77,  :uid tliv qua r t z - l au~no~i t i t c~  rocks (samplc>s 
3.1 and 7 4 ) ,  q ~ i a r t z  is no t  rradily c'videlnt pelrogra- 
l~llically. 'rhea f r ; ~ ~ i i ( > w ~ r k  grains in tlic, t ~ ~ f f a c r o ~ ~ s  w:~ckcs 
arcs plagioclascl, pumice‘, and lava fragrncnts. 'l'hr, X-ray 
diffraction s tudy clrarly sliows that  the pumicr frag- 
~ i i c~n t s  and the, matrix of thcsc rocks liavcx hcscbn nltvrcd t o  
zeolites ant1 ~nicrocrystallinc, q ~ ~ a r t z .  Vitric tuffs arc, 
similarly alt t~rc~tl .  'l'hc quartz-zc~olittl association suggr,sts 
t h r  followi~lg gt~nc~ralizcd rr,action: 

Auclvsitc~('!) Glass + 1Vatt.r + %c~olitrs + Quartz 

, I  111(, appar(1nt sy~igc~nolic~ association of quar tz  iuid the' 
ztwlitt's mordcnit(> and ho i~ land i t t~  itiiplic~s Illat Ih r  
activity of silica in the di:~gcnc>tics system in wllicl~ tho 
zrtolitrs Sortntd was control l (d  by the solubililj. of  
quartz.  

l'hr prtsse3ncc> of q ~ ~ a r t z  as vcsi~i filling iuid c rmen t  in 
sampl(ss 92a and 9 2 b  is striking. This may b t ~  a strictly 
local occ*urrcancc> of quar tz ;  howc~vr~r,  tlic absc)ncc, o f  
zc~olitos atid tli(x oc-cburrt1nc.tL of quar tz  it1 thcir  slcatl niay 
suggest tht. c~xistc~ncc~ oT a possiblr quar tz  zo~ic' (pl .  2) .  
If this ~ o ~ n c ~  is valid, i t  rc~prc~sc~nt thrl lowe~st I'-'I' zotic' of 



diagcnc~sis and burial ~ n t ~ t a ~ i i o r p l ~ i s ~ ~ ~ .  
'I'licrr appear l o  bcl two zrolilc zontLs, lieulaliditr~ a~lcl 

I ;u~monlitc,  indicalivr of d i f f r r t~t i t  i t l te~lsitg of rnt'ta- 
~norpl l i sm,  and th r s r  zonrs  prohably f o r ~ n t > d  i l l  re- 
sponsc3 l o  low-gradr niclalnorphism of volciuiir dtbtritus 
in a t3ugcosynclirial trough. '1'111~ ~ n o r d r ~ l i t t .  tollt3 rc- 
prc~scnts hculandilo subf;~cirs p r e s s u r t 3 - t ~ m p t ~ r a l ~ ~ r t '  c o ~ l -  
ditions kuid its occurrcncch in this z o ~ l c ~  is d~1t8 t o  tht, 
conlrol c ~ s c ~ r l t ~ d  hy lh(1 rc,actants. 'l'llt, ocCnrroncc~ o f  
arlalcinlc is tlucb l o  local clichmic:~l contlilions c ~ s i s t r ~ l l  ill 
lhcs mordonitr  zoncl. 

Bt,causc, thc~ posilioli of thci l ~ o ~ ~ l a n t l i l ~ ~ - l i ~ ~ ~ ~ ~ ~ o ~ i t i t ~ ~  
h o ~ ~ n d a r y  dc~prnds  o n  thcl salinity of tht' s\.stt1m ir l  which 
nietamorphism occurred. the> irolcanic s t~dimenls  in thc~ 
ctud?; arrb:i coulrl Iiavc brthn subj t~clcd t o  mnsi lnu~i i  
l v rnpc~ra t~~rcs  around 2 0 0 ~ ) ~  and ivatvr prvssurrs pro- 
bably a ro~cnd  0.5 l o  :I kilot)ars. l~ l c r t~as t~ t l  sal~nit!' of 
L I I ( >  s y s l ( '~n  woultl 1owt.r Lhcx l.c~lnpc3ral~rrr~ of tllt3 11t~u- 
I i u i d i t r - l a ~ ~ ~ n o ~ ~ l i l ( ~  b o u n d a n .  Sodimc~nts in Lhc I I ~ X L I -  
Iiuidilc zoncb wcrc Irss drcpl?; t~u r i cd  than we3rcx tllosci 
ill lh(b laumontilc zolit1. '~'IILIs, tll(l dcptll of burial of LIit' 

rocks sluclic~d apptbars Lo i~icrc'nsc, from th(, soullirasl  to  
tlir northwt'st as mc>ntioncd c'i~rlitnr. tIowt~vc~r.  zc.olit11 
zonalioll may rcbsull from variations i l l  cli('mic~al com- 
posilioll of ttic~ fluids i t r d c p t ~ n d t ~ ~ ~ t  of hi~rial  clt,pth. 'l'lltx 
~n t~c l l a~ i i sn i  rcsulling i l l  t11(~ ohscrvcd ztlolitr zonation 
cannol  I)(% t~s labl isht~d ~~ncqui\~ocall! .  a t  this timcb. For 
c~xan~p lo ,  lhv mortlc~nito zonr  niay rc3prtsscsnt 111(~ loivrst 
grad(, ztpolil(a assc~tnblagc~. As sl~owrl I plnlc, 2. this 
rcq~~ircbs tllat tlio ~lic~tamoipllic. grad(, inc*rcascl in I)olh a 
sout l~t~as tc~r ly  and a ~lor l l iwcst t~r l \  ciiroction from thcl 
~ t i o r c l t ~ ~ l i t ( ~  zoncX. 'l'llis coi~ltl occilr i f  th(> ~norcI(~l r i tc~-zol~t~ 
s t~t l in ic~~i ls  o c c ~ ~ p i c ~ t l  L l ~ r s  c~rc,st of 2111 a~ l l i c l i~ l c~  allti Ihtx 
l ic~~liunditr-zo~it ,  st~dinlc~nls occi~pic~ci thv flanks of tliis 
a ~ i t i r l i n ( ~  c i ~ ~ r i n g  cliagonc~sis. 'VIIOII, as ;I rvsult of (lt,(,pcr 
I~urial ,  tllcl flank sc~d ime~l t s  iirtarc, incrcast~d in ~ n t , t ; ~ -  
~norp l~ ic .  gradrs. Slri~c.tural-grloIogic c~vidt~ncc~ a t  prc~st~lit i h  

in:~doyuat(~ t o  clithtlr suppor t  or  r c f ~ ~ t c ~  this llypotllc~sis. 

Platc3 1 sllows t l ~ t a  1oc.atio11 from \\llicli s a ~ ~ l p l t , s  
wtsrc' takc,n lo  in \ t~s l ig :~l t~  possit)ltx tt$olitcl localitit.5 in 
o1lic.r parts oI' th(, I lorn Rloilntains ( : ; ~ r i l , o ~ ~  ('rtbok 
arcw. %t.olitt>s arc prtbsr3nt in sampltls (Nos.  50.58) morcl 
or  It~ss c*onfint>tl t o  tht' prt3vio~lsl\. ~ n t ~ n t i o n t ~ d  scbg~nt~nt 
(1). 2 )  ol' t11o ' l ' a l k ~ ~ c ~ t ~ ~ : ~  I'orni:~tion. ' l ' l~is :lrtba s l io~~I ( l  Iw 
inccbsLigal(d t'urlhtbr t o  r i t~ t c~rn~ in t~  if xcsolitt' d(,posits ol' 
possil~lv tlconomic* value' are prt~stant. 

'I'hc~ lack of zt~olitcss in samples from localitic~s 60-6.1 
kcas disappointing. 'l'tlc~st, s;~mplcs arc, from :I lllick. ~vcll-  
clsposcd sclqiltxncr of Tertiary fclsic luffs a t  thc~ Ilcbad- 
ivatcrs of Caribou Crcvk. Ksc-ttpt for a fr>w zc~olitcs in 
vugs in \rcsict~~lar Iavas associat(~tl with lhcs tuffs, n o  
ztwlitcs wtLro found in this iiroa. %~~ol i t i z ;~ t ion  o f  local 
bvds within lht, l11t'f srbyucnct, m;q. I)(% prc,st,nt. but  
largo-scaltl zc.oIitizatio11 of I l l r ,  lypc shown hy Lhct 
' I 'alkt~t~lna formation dotss 1101 sescbln t o  htn prc~sc~nt. i l  

more carc>ful c~x;iminatio~l of thcsc tuffs should bt. 
carrird ou t ;  Ilowovtlr, ye t -~~n inv t~s t iga t rd  osposurcs of 
the Talkc'rtna fornlation in tllr gcncral area should b r  
studied first. 

'I'tie mordt~ni t t~-r ich  tuft's tlrsignated J tk -2  are of 
potential economic valutl. 'l'he areal r s t e n t  and thick- 
nc>ss of tlir~srb luffs ar r  s l ~ o w n  in plate 2. 'I'he e s l r n t  o f  
111t, morde11itc.-tuff horizon i l l  the upper hclulanditc 
zone a t  the Iwad of Alfrr,ci Creek retnairls l o  be dc- 
t t~ rminrd .  'I'his Ilorizon is certainly more  t.xtensive 
tllan is sliowu in the plaltb: t~owc~vcr ,  time did no t  p l rmi t  
tilt, horizon t o  bv traccd 1'~1rtht,r. 

An cs t imat t~  of' tlio gratlc of tlic mordrn i t r  tuffs can 
I)(, tniidt> f rom tilr rcsults of th r  zr'olile ficld test ( table 
1). 'l'he samples shown in tablth 2 (clsct1rpted f rom lablt, 
I )  art1 from ~ n i i t  Jtk-2.  'l'lit, ~nordetiit(l-ric.11 samplvs 79 
;uitl 83 may also t ) t b  f rom this unit ,  but  lnortl dillailed 
 napping is n r r~ded  Lo <sslnblish this. 

ilssutnirlg lltal a pure, n ~ o r d e n i t r  silmplr would show 
:I ~ ' 1 '  value of lii.3OC and that  0'1' increases linearly 
wit11 incrt~asing concrnt ra t ion o f  ~norden i t c ,  thc mean 
a ~ i d  standard deviation \ a l i ~ c s  of O ' r  of 1 0 . 8 ~  and 
2.:1-lo corrrspond l o  an average mordthnitt~ conccntralion 
of 66 pcrct,nt, which varies from 38 t o  9 5  per( - rnt  fo r  
two slantlard tlt~vialions ;~l )out  the, mean valuc. In  o ther  
words, 9 5  pt3rcc1nl of tho lilnc. the  mcan valur of the 
mortlcnilc corlc,r~itration can I)(' c>spected to  fall br -  
lwt3ru 3 8  l o  95 ~) t~ rcc~ t i l .  'l'hc) mean gradc is similar t o  
that of t l i ~  IJnio~l Pass. hlohavt~ County ,  Arizona de- 
posit :und t110 A,I;tlhe~lr ( :o~~ t l ty ,  Oregon deposit ~ n i n ~ d  

bIrs;~n 10.8 
St;~nclnrcl tlcviation 2, 3-1 
Synthet ic  sut l iu~n 

mordc,nitca' I 6. :'I 



1)y IJnion Carbide :und Norton, rc~spc~ctivcly (Mumpton.  
1973) .  'l'horc arc scvcaral patc,ntrd processrs (Hawkins,  
1973,  Appendix I) for t.ht. brnc,ficiation o f  zc,olitc, orc,s. 
In ;~ddi t ion,  Norton h;~s dt~vcllopcd :I Ivac*hing procac5ss 
I.1iat yickltls a zc,olitcs procl~rcl will1 atlsorption propc,rlics 
similar t o  thoso of sg~ntllc~lic ~ n o r d r n i l c  (Sand,  1968) .  
( A n  idcia of tilt, propcr l ic ,~  01' 1110 ~nordc,nitr  tl(,posit 
sludic~tl I~t.rc, can ht, obtainc,cl f rom t l~ t ,  da ta  shown in 
1 . ; 1 1 ) 1 ~ ~  :I of I l a w k i ~ ~ s .  1!173.) It1 arltlitio~i. a rapid ~ncbtllod 
for  tI1(1 c>valuation o f  adsorptive propc~rtit's o f  zt9olitos 
II:IS bcvn d(~vc3lopi~d by Landolt  (1971) .  

'I'hr tnordrnitc. dt,posit studivd ht'ro is of com~nr~rc ia l  
grade and cxtcnt .  a11d fu r th r r  s tudy of ( I ~ t s  propc,rtics 
of the mordt,nitr s l ~ o ~ i l d  I)? citrri(5d 0 ~ 1 1 .  '1'11t, nianucLr ill 
which tI1cb ~ n o r d c ~ n i l ( ~  might I)() nst,d in Alaska rcmains t o  
t)t, dc~lcrnlinc~d. Applications involving large, quantities 
of zeolil.c>s whtlrrl itniformily of th(\ propt~r t ic~s  of tht, 
zc~olil.o is n o t  criticaal s h o ~ ~ l d  1x1 soi~gl i t .  Synthtlti(t 
zc~olitc~s, which I~avc, i~ti ifortn propt,rtit,s ( o l ' t t , ~ ~  for a 
particular application),  :ire, no t  likrly t o  br  dirrctly 
c~c*onomically compctitivrl. 

'1'110 h o r t i c ~ ~ l t u r a l  usc~fulnt~ss of I a ~ ~ r n o t l t i t t ~  tuffs from 
Shcrp  M o ~ ~ n t a i t l  (fIawkins, 1973)  \bras tostcd b). 11.11. 
1)inkrl of tht. IJnivrrsity of Alaska, Agricultural 14:x- 
pc,rimtlnt Station. ' l ' l ~ ( ~  dtltails of this Lrst arcs no t  
availahlr a t  this tirnc,, bu t  I)ink(,l (pcsrsonal c - o ~ t p ~ l n i c a -  
tiotl, 197 1 )  conclucl(~tl tha t  Lhts 1:~ulnontitc. tuffs 11:1d 110 

nolicc~ablo c f f c ~ t  in hydroponic, c~spc~r imt~n t s  involving 
th<b growtll of c.uc~umbr,rs. It ni;ry I)(' that, t h ( ~  laumontitc 
tuffs arc3 incl(1cd \ralurlcss in agric*~~ltural  applications o r  
that  somtb form of prc3trc1atlnc,nt of tho tuff is nc,cr3ssarq. 
t o  rc,ndrr it agriculturally ~lsc~ful .  .\Iorcs work romains l o  
bc don(, hrrc ,  csvc5ll though the rc>sults of initial (,x- 
pc,rimcnls arc, disappointing. 

'l'htl field tvst for zc,olitcs publislit~d by (:ulfaz and 
otlic~rs ( 1 9 7 3 )  gavcs rr~sults in good a g r r ~ r 3 ~ n t ~ n l  will1 thosr 
ob1aint.d by X-ray difl'raction. 'l'llcl t r s t  sc,t,ms lo b(' 
much lrss stibjrct t o  in t (~rf t~rc~ncc~ Ily clay rninc~rals th:ul 
is thc  tc'st of H(~lfft~ric11 ( 1 9 6 1 ) ,  whic4i was clvalu:~trd 1)y 
Hawkins (1973) .  'I'hc' trlst Lvas no1 c~valuatrtl under 
ficld conditions.  'l'llc, g r t~ ;~ l t~s t  utility of thtl trxst may litx 
in complcmcnting the X-ray data  iuid quickly es l in~at ing 
atsolilt, graclts in monozrolil ic tuffs. 'l'lltt test should find 
considtlrablr us?. 

CONCLUSIONS 

'I'lic ~nordtlnitc-rich tuffs invc~stigntc~d in this study 
art, ot' comnic~rcial gradc. 'l'ht, propt,rtic,s of the Inor- 
drnites should be i~ivt~s t igat r~d furthtlr l o  d r t t ~ r m i n t ~  if it 
meets currc>nt i ~ ~ d u s t r i a l  rrquircmclnts. hlordcnitc dc- 
posits in othclr parts of thts 'ralkcc'tna fo r~na t ion  in the, 

gt'lleral s tudy arc,a should bc sought. 
'rhc. zc>olitrs in tht, arcla wchrc) formc~tl bv burial 

diagc1nc'sis and regional n~t l tamorphism of volcanic de- 
tritus dr,positrd in a rugrosynclinal trough. The ex-  
istrnce of hc.ulanditc1 and l aumot~ t i l e  z0nt.s indicates a 
differc~nce in mclamorphic gradcl of the rocks in the 
a r m ,  with liculanditcl being the lower grade mineral 
and laumonl i t r  the higlirr grade mineral. 'Phis difference 
in grad(, lnay he du(> t o  thcl difference in depth  of  
burial, tha t  is, the volcanic srdirnents o f  Horn Mountains 
and thosc~ at lli(3 head of Albc~rt Creek werc morr  deeply 
buric1cl than wrrtl thosr  a t  the mou th  of Albert Creek 
and North Cretxk. 'I'lic sedimcnts wrrtb subjected t o  
tnaxitnum tt>mpc1raturris around 2 0 0 ~ ~  and water pres- 
surfs  around 0 .5  t o  3 kilobars, which corresponds t o  
burial depths  o f  1 t o  1 0  kilomrters. 'l'hr temperature of  
thc l~c~ulandilc~-laiimo~ltite boundary was probably less 
than 2 0 0 ° ~  hr~causc~ of the effect o f  salinity of  the  
iutrastratal waters o n  tlic activity o f  water during 
mrtamorphism. 

h,lordtlnitc occurred within t l ~ c ~  hculandite zone be- 
ctauscl of the, fine-grained nature of the luffs,  causing a 
liighrlr silica activity in the, intrastratal fluids than in the 
rest of the, zonr .  Analcimtl may have formed locally 
f rom a mordrti i tr  o r  llc~ulanditc tuff by solutions locally 
morc alkalinc' that1 lliosr throughout  t h r  mordenite 
ZOllt ' .  

'I'ht, fic,ld tclst of Culfaz and others (1973)  gives 
rc~liablr~ rc,sults and should br ust'd. 
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